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We have investigated the possibility to couple superconducting charge qubits via a one-dimensional superconducting transmission line resonator [1] with tunable resonance frequency. In contrast to an earlier tunable qubit-coupling proposal [2,3], where the interaction is mediated by a passive oscillator, this proposal has a larger resemblance with the interaction of atomic qubits using ion trap [4] and cavity QED [5] techniques.

In this proposal, the desired tunability of the resonator frequency is achieved using a SQUID geometry at one end of the transmission line cavity. An applied magnetic flux through the SQUID loop acts as a control knob for the boundary condition at this end of the cavity. Due to natural or fabricated differences in Josephson energy between the qubits, which are assumed to be biased at their charge degeneracy points, the cavity is in resonance with only one qubit at a time. Maximally entangled two-qubit states (Bell-states) are created by moving excitations between the qubits via the cavity. We also present protocols for performing the universal two-qubit control-phase and CNOT gates.

The qubit states are detected by measuring their individual quantum capacitances using lumped LC-circuits. Analyzing the whole quantum read-out process we find that the  detection is indeed quantum limited and that this limit may be reached even using a resonance circuit with a low quality factor, enabling the use of short (~30ns) measurement pulses [6,7].

[1] A. Wallraff, D.I. Schuster, A. Blais, L. Frunzio, R.-S. Huang, J. Majer, S. Kumar, S.M. Girvin and R.J. Schoelkopf, Nature 431, 162 (2004).

[2] M. Wallquist, J. Lantz, V.S. Shumeiko, G. Wendin, New J. Phys. 7 (2005) 178.

[3] J. Lantz, M. Wallquist, V.S. Shumeiko, G. Wendin, Phys. Rev. B 70, 140507 (R) (2004).

[4] J.I. Cirac and P. Zoller, Phys. Rev. Lett. 74, 4091 (1995).

[5] J.M. Raimond, M. Brune and S. Haroche, Rev. Mod. Phys. 73, 565 (2001).

[6] G. Johansson, L. Tornberg, V.S. Shumeiko and G. Wendin, cond-mat/0602585 (2006). To be published in J. Phys.: Condensed Matter, 18 (2006) Special issue: Quantum computing
[7] G. Johansson, L. Tornberg, C. Wilson, cond-mat/0602583 (2006). Submitted to Phys. Rev. Lett.  
